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Drawings, sheets: 

1/4-4/4 as originally filed 



These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the internationa. search (under Rule 23.! (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a transition furnished for the purposes of international preliminary exam.nat.on (under Rule 

55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
^ternSal preliminary examination was carried out on the basis of the sequence l.sfng. 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. Hicrlft . lirp in 

□ The statement that the subsequently furnished written sequence listing does not go beyond the d.sc.osure .n 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identica. to the written sequence 

listing has been furnished. 
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□ the claims, Nos.: 
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considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to th,s 

report.) 
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Re item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1) Closest Prior Art and its Problem 

As defined in detail in the preamble of Claim 1, the invention relates to a packet 
switching data communications network with closed loop implicit feedback flow 
control which allows calculation of optimal window size and delay. 

This preamble is in accordance with the closest prior art document D1 = Yang C. 
"A taxonomy for Congestion Control Algorithms in Packet Switching Networks" , 
IEEE NETWORK, vol. 9, no. 4, 1 July 1995, pages 34-45, XP000569791, ISSN: 
0890-8044, which also shows various congestion control algorithms for packet 
switching networks. 

Classic loop control algorithms with implicit feedback are described in D1 , e.g. 
Slow Start scheme, timeout based scheme, tri-S state and Warp control which are 
shortly discussed (table 3). 

The problems of the systems in D1 are, that it is difficult to find optimal packet 
window and rate calculation based on these algorithms, because the packet 
transmitter has to define new optimal rates using embedded transmitter 
algorithms with typically linear increase and exponential decrease of rate. 

2) Object of the Invention 

The object of the present invention is to provide optimal packet window and rate 
calculation in networks with closed loop implicit feedback flow control. 

3) Solution and Advantage 

The solution is characterised in that the total network capacity point W 0 ,T 0 
(number of own packets in the network, round trip time) distribution plane is 
known, which contains network response curves. This plane is used with 
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measured W,T points to determine whether the current point is below or above 
this curve in order to calculate optimal window and delay. 

4) Conclusion and General Remarks 

The solution to this problem proposed in the Packet switching data communication 
network (Claim 1) of the present application is considered as involving an 
inventive step (Article 33(3) PCT) for the following reasons: 

The concept of the Window-Time-Space Flow Control, according to Claim 1 , are 
not disclosed in or rendered obvious by the other documents cited in the 
International Search Report. 

Claims 2-14 are dependent on Claim 1 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 

In D2 = J. Ozegovic "Window time space flow control", Proceedings 7th 
international conference on computer communications and networks, 12-15 
October 1998, pages 800-807, XP0021 33778, Lafayette, LA, USA, is not 
considered relevant state of the art, because the Croatian priority document 
P980536A of the application, dated the 5.10.1998 is valid. 

Document D3 = Xie G G et al, "Real time block transfer under a link sharing 
hierarchy", IEEE/ACM Transaction on networking, US, IEEE INC, New York, vol. 
6, no. 1, 1 Feb 1998, pages 30-41 , XP000733549, ISSN 1063-6692, is only 
concerned with transferring bursts of packets and a corresponding admission 
control algorithm. 

Claims 1-14 are novel, inventive and industrially applicable. 
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DEVICES WITH WINDOW - TIME - SPACE FLOW CONTROL (WTFC) 
DESCRIPTION OF THE INVENTION 
L FIELD OF THE INVENTION 

This invention concerns devices with data flow control, used in packet switched telecommunications 
networks. According the international classification (MKP) it is classified as H 04 L 12/56 - 
SECTION H - ELECTRICITY, TRANSMISSION OF DIGITAL INFORMATION. Data 
switching networks, packet switching systems. 

2. TECHNICAL PROBLEM 

Modern telecommunications networks use advances of information statistical multiplexing, achieved 
with packet switching, despite packet length is variable up to some limit (Internet) or fixed (ATM), 
and despite packets are forwarded individually or using virtual channels. Users segment their data to 
packets in terminal equipment and send them to the network, while network nodes route packets to 
their destinations. 

In case when, in the time of observation, a network node receives less packets than the capacity of 
output channels used to forward those packets, the network is underutilized. In case when more 
packets are received, some of them will be transferred up to the full capacity of output channels, and 
the rest will be buffered in node's memory. The network is overloaded, and congestion has occurred. 
Because of packet buffering, the average packet must wait for transmission of the previous packets, 
and its waiting time is prolonged. 

Statistical properties of incoming traffic (packet network terminals send packets at arbitrary 
moments) influence occasional congestion and network underutilization. To provide quality of 
service (QoS) it is necessary to minimize the number of packets in node's queues, but to the level that 
will provide satisfactory network utilization. This is optimal network working point, kept by 
congestion control measures, including congestion avoidance when congestion is not apparent, and 
congestion elimination, after for some reason congestion has occurred The most important 
congestion avoidance measure is flow control. 

The flow control in packet networks is achieved by packet sending rate regulation in network 
terminals. In case of network underutilization, terminals should increase, otherwise, in case of 
congestion, they should decrease packet sending rate 
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3. PRESENT STATE OF THE TECHNIQUE 

The flow control problem is apparent for last ten years, and a number of investigators work on it 
worldwide. Despite numerous scientific papers and granted patents, the very fact, that , old 
unsatisfactory solutions from 1988. are used in the Internet nowadays, shows that right solution of 
the flow control problem has not been discovered yet. 

The basic mechanism of congestion occurrence is packet buffering in node memory. Packets are 
stored to queues, waiting to be transferred through channels. Prolonged packet waiting time is a 
consequence of packet buffering. The time packet spends on it's route from source to destination, and 
similar time acknowledgment spends in backward direction, are together called Round Trip Time 
(RTT, or simply T), and its prolongation because of waiting we consider to be basic quality of 
service measure in packet switching networks. 

The flow control solution is searched using two approaches. In the first approach, network nodes do 
not provide data about network state, but rather store excessive packets in memories, or discard 
remaining packets when memories are full. Terminals of such networks measure round trip time T, 
window W (the number of their own packets on the network) and packet losses, and try to adjust 
their packet sending rate. In the second approach, network nodes provide data about network state 
implicitly (e.g. enforcing waiting time or packet loss rate) or explicitly (e.g. sending forward or 
backward congestion indications, or even signaling the optimal sending rate for the data flow). When 
explicit notification is used, the data processing load in nodes can be very large, prohibiting the use 
of some recently proposed solutions. In all cases, except when optimal rate is explicitly signaled, 
packet transmitter defines new optimal rate using embedded transmitter algorithms (linear increase 
and exponential decrease of rate are most frequently used). Furt her systematization and references 
can be found in: C-Q Yang, A.V. Reddy, U A Taxonomy for congestion Control Algorithms in packet 




Switching Networks" IEEE Network, Vol. 9. No. 5. JuTT99S7 



Regarding present state of the art, the i nvention solves the problem of optimal packet window and 
rate calculation in networks with closed loop implicit feedback flow control. 



4. THE INVENTION ESSENCE EXPOSITION 

The invention in this patent request deals with the solution of the congestion in packet networks by 
proposing devices using improved flow control mediod. The novelty of the invention, related to the 
present state of the technique, is flow control in window - time space, used to achieve optimal packet 
sending rate and uniform times between packets This provides high network utilization and high 
quality of service, while keeping network node processing load at minimaMevel 
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PATENT CLAIMS 

1. Packet switching data communications networks or packet networks with closed loop implicit 
feedback flow control comprising Window-Time-Space Flow Control, WTFC, where 

- determined single server queuing system model with finite number of packets and known total 
network capacity point W 0 ,Tn define window - time plane/space. 

- said plane contains network response curves for various fractions of total capacity, determined 
with break points lying on the hyperbola through W 0 ,T 0 , 

- said plane together with current W,T point measurement is used to determine whether said 
W ; T point is positioned above or below the hyperbola, and to calculate optimal capacity 
fraction and break point coordinates of the current response curve, 

- said break point coordinates are used to calculate optimal window and delay, and their ratio to 
obtain optimal packet sending period; 

constructed using* 

- terminals that do use said window - time plane and W,T point measurement to obtain optimal 
packet sending period and window, and are constructed using receiver (113) and packet 
transmitter (101) of packets or other data units, and 

- nodes (201) that do or do not signal the total network capacity W 0 ,T ( ) in form of elementary 
network channel parameters. 

2 Packet transmitter (101) of Claim 1 that form packet in segmentation process (102) when user 
data exist and include in it's header acknowledgment data as ordered from die receiver, or form 
separate acknowledgment packet as ordered from the receiver, store packet in packet buffer 
(104) and emit packet through packet sending process (105) comprising initialization process 
(103). 

3 Packet transmitter (101) of Claim 1 further comprising the packet sending initiation when 

- condition of packet sending period to ,n (a) expiration in process of transmission rate clock 
signal with one credit buffer (108) and 

- condition of optimal window W 0 (a) not being filled in process of optimal window check (111) 
that verifies whether current window is less than W 0 (a) 

are both satisfied. 
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4. Packet transmitter (101) of Claim 1 further comprising: 

- check of measured point W.T position in area check process (1 12) by calculating condition 

(W - 1)/(W 0 - 1) > T 0 /((T - T 0 ) W 0 + T 0 ) 

- calculation of W 0 (a) in W 0 (a) calculation process (110) using 
W 0 (a) = T p • W/T + 1 and W 0 (a) = T p /(t - T p ) + 1 

- calculation of to ,M (cx) in to'"(a) calculation process (107) using 

ti (a) = T/W„(cO , „-(.)-, «aXl + rt) - ^ a \^ iS ^ 

5. Packet transmitter ( 1 0 1) of Claim 1 further comprising: 

- usage of parameters provided by receiver (113) after acknowledgment reception, 

- W,T point measurement in W,T inside die point measurement process (106) using 

T = t(A u ) - «*) , W = P u - A } and W k = (k - j)(t(A k )- t(P k ))/(t(A k )- t(Aj)) 

- calculation and correction of parameters W<kT„ and T p inside the total capacity estimation and 
correction process ( 1 09) 

6. Packet receiver (113) of Claim 1. that after packet reception with packet reception process 
(115) extract data with extraction process (114) and deliver them to users, comprising 

- extraction of cumulative propagation time, cumulative reciprocal capacity, minimal reciprocal 
capacity, last acknowledgment and sending time parameters from the packet header inside the 
extraction process (114), and 

- delivery of extracted parameters to the packet transmitter (101). 

7. Initialization process (103) of Claim 2 comprising initialization of packet header variables by: 

- setting the forward last acknowledgment variable a jr to the value of last acknowledgment 
number received, 

- setting backward last acknowledgment variable a lb to the value of the same forward variable 
received in packet from the opposite direction, whose acknowledgment number is carried by 
new packet, 

- setting forward sending time variable T(pJ r to actual local time 

- setting backward sending time variable T(p k ) b to the value of the same forward variable 
received in packet from the opposite direction, whose acknowledgment number is carried by 
new packet 
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8. Initialization process (103) of Claim 2 further comprising initialization of packet header 
variables when total network capacity signaling method is used, by: 

- setting forward propagation time cumulative variable Tpor to zero 

- setting forward reciprocal capacity value cumulative variable S c , r to zero. 

- setting forward reciprocal minimal channel capacity variable C imm f to the maximal value 

- copying values from variables T p0f , S c ,f, i C imnS - received in the opposite direction packet to the 
same backward variables. 

9. to ,n (a) calculation process (107) with one credit buffer (108) of Claim 3 comprising connection 
startup algorithm for smooth packet sending, and after expiration of period initialized' 

- before first acknowledgment reception, and if there is no credit stored, increments credit buffer 
by 1 and reinitiates the same time period. 

- before first acknowledgment reception, and if there is credit stored, initiates double time period 
and initiates packet emitting, 

- after first acknowledgment reception sets credit buffer to 1 and initiates packet emitting 

10. Total capacity estimation and correction process (109) of Claim 5 comprising, when network 
capacity signaling method is used. 

- calculation of T p by T p = X T pi + Z T SI - T sb = T p0 + m( X l/C , - l/C b 

- calculation of T 0 by T 0 = T s + T p . 

- calculation of W 0 by W 0 = T 0 /T s , 

applying extracted parameters from first or every packet received from the opposite direction 

i 1. Total capacity estimation and correction process (109) of Claim 5 further comprising, when 
network capacity estimation and packet pair methods are used. 

- calculation of T 0 using To=T after the first acknowledgment is received. 

- calculation of W 0 using W 0 =T,/(T-To) after the second acknowledgment is received 
applying extracted parameters from every packet received from the opposite direction 



AMENDED SHEET 



1 2- 1 0-2000 H R 009900022 



23 



12. Total capacity estimation and correction process (109) of Claim 5 further comprising, when 
network capacity estimation and packet pair methods are used, if measured T<T (1 

- correction of T 0 using T 0 =mjn(T), 

- correction of W 0 using Wo = max((T { ',/T 0 )w 0 , w) if T<T P , otherwise using 
Wo = Ti/fa -T p ) and Wtf = T t ;/T s 

- correction of T p using T p = T 0 (w 0 -i)/w„. 

applying measured parameters from every packet received from the opposite direction. 

13 Nodes (201) of Claim 1, that forward packets with fonvarding process (202), comprising, 
when network capacity signaling method is used, capacity signaling process (203). 

14. Capacity signaling process (203) of Claim 13 comprising the modification of first or every 
packet by 

- updating forward propagation time cumulative variable Tpof using T p0 = YT pi , 

i 

- updating forward reciprocal capacity value cumulative variable S C ir using T s() = M^l/C, , 

i 

- updating forward reciprocal minimal channel capacity variable C tmmJ usmg C h = min(C l ) 
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(57) Abstract 



In packet switching telecommunications networks, flow control is used to obtain optimal network working point, regulating the 
transmitter packet sending rate. The state of overload (congestion) or underutilization of the network can be detected explicitly using signaling 
from network nodes, or implicitly using number of packet (window W) and round trip time (T) measurements. The Window-Time-Space 
Flow Control (WTFC) is a method of determining the belonging part of network capacity, optimal packet sending rate and optimal window, 
based on the measured (W,T) point in the window-time space and knowledge about total network capacity (Wo, To). In this way, devices 
with WTFC, nodes and terminals, keep optimal network working point near the on average empty queues mode of operation. With 
networks utilizing WTFC, nodes can signal network parameters at connection establishment only. After that, all WTFC processing is done 
by terminal packet transmitter. WTFC transmitter determines both optimal window and optimal sending rate, thus improving regulation 
stability, limiting the number of packets in the network, and decreasing the variance of transmission rate. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



•ofttJ Appficstoofi No 

f/HR 99/00022 



A. CLASSIFICATION OF SUBJECT HATTER 

IPC 7 H04L12/56 H04Q11/04 



Aooonflng to International Patent aasaffioatton (IPC) or to both national daaafflcatton and IPC 



B. FIELDS 8EARCHED 



Mnfcnum documentation searched (ct as sfflcatton system folowed by claesfflcation symbols) 

IPC 7 H04L H04Q 



tocumentaflon searched other than rnhimum documentation to the extent that auoh documente are Included In the fieide searched 



BectronJc data base consulted during the hiternationaj search (name of data base and, where practical, search terms used) 



G. DOCUMENT* CONSIDERED TO BE RELEVANT 



Category • 


CttaHonefdoamentwMhMoattan. where appropriate, of the relevant passages 


Relevant to ctafcn No. 


P,X 


J. 0ZEG0VIC: "W1ndow-t1me-space flow 
control (WTFC)" 

PROCEEDINGS 7TH INTERNATIONAL CONFERENCE 
ON COMPUTER COMMUNICATIONS AND NETWORKS, 
12 - 15 October 1998, pages 800-807, 
XP002133778 
Lafayette, LA, USA 
/* whole article */ 


1-15 


A 


YAN6 C -Q ET AL: "A TAXONOMY FOR 
CONGESTION CONTROL ALGORITHMS IN PACKET 
SWITCHING NETWORKS" 

IEEE NETWORK: THE MAGAZINE OF COMPUTER 
COMMUNICATIONS, US, IEEE INC. NEW YORK, 
vol. 9, no. 4, 1 July 1995 (1995-07-01), 
pages 34-45, XP000569791 

ISSN: 0890-8044 
/* whole article */ 

-/- 


1-15 



Further documents are Isted In the continuation of box C. 



| | Patent family rrtembera are Isted hi annex. 



* Special categories of cited documents: 

"A" document deftifcxitto general state of to art which Is not 
considered to be of particular relevance 

"E" eejilercfecumentbtf piiblshedonorafterto hiternationsi 
fling date 

T" document which may throw doubts on priority cfaIm(s)or 
whtoh Is crted to establish the publk*^ 
cftafion or other speda! reason (as specified) 

■O" document referring to an oral oTsc4c*ure, use, exhtrtonor 
other means 

"P" document pubished prior to the htfematfonal fling date but 
later than the priority date claimed 



T later document published afterthe hitemationai fling date 
or priority date and not hi oonflot wrtth the apploation but 
cftedtpuvlefstartf tto undertytngthe 
Invention 

"X" document of particular reJevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

"Y" document of particular relevance; the claimed Invention 

cannot be considered to Involve an Inventive step when the 
document Is oombsied wtth v4 w> or more other such docu- 
ments, such combination being obvious to a person sidled 
In the art. 

document member of the same patent femly 



Date of the actual completion of the International search 

22 March 2000 


Date of mailng of the International search report 

03/04/2000 


Name and mating address of the ISA 

European Patent Offloe, P.B. 6816 Patentiaan 2 
NL-2280HVRQswt* 
Tel. (461-70) 340-2040, Tx. 31 661 epo nf t 
Fax (+31-70) 340-3016 


Authorized officer 

Veen, G 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



oral Apptiuntmi No 

/HR 99/00022 



(^Continuation) DOCUMEinB CONSIDERED TO BE RELEVANT 



Category* Citation of document with ftdcatlon, where appropriate, of the relevant passage* 



Relevant to dafrn No. 



XIE G G ET AL: "REAL-TIME BLOCK TRANSFER 
UNDER A LINK-SHARING HIERARCHY" 
IEEE / ACM TRANSACTIONS ON 
NETWORKING, US, IEEE INC. NEW YORK, 
vol. 6, no. 1, 

1 February 1998 (1998-02-01), pages 30-41, 
XP000733549 

ISSN: 1063-6692 
page 30, left-hand column, line 27 - line 
32 



Farm PCT/tQA/210 (oontousScnof Moond *»tt) (JUy 1W2) 



page 2 of 2 



